Tilting-pad thrust bearings are used to support the loads of large rotating machinery, such as water turbine generators. When such machines are in operation, thermal deformation is so extensive that it is comparable to deformation caused by the pressure of the oil film, and it influences the bearing's performance. So, the temperature distribution in the pad, which determines the thermal deformation, should be calculated correctly. This requires precise estimation of the convection by the ambient oil at the pad's surfaces, but the complexity of the pad's shape and ambient oil flow of oil around it makes this estimation difficult. Using CFD (Computational Fluid Dynamics) software, we computed the temperature distribution in the pad by solving the heat transfer in the pad, in the oil and interfaces of them simultaneously. The thermal and stress deformation were then calculated by the FEM code and is used in oil film analysis to determine the characteristics of the bearing. Comparing its results with the experimental ones validated the computational process.
INTRODUCTION
In large vertical rotating machinery, such as water turbine generators, tilting pad thrust bearings are used (Fig. 1 ). There have been several attempts to calculate the thermal deformation of the pads of those bearings, because such deformation affects the performance of bearing [1] [2] [3] . In these attempts, the temperature distribution in the pads is calculated first, and then, taking into account this distribution, calculated the thermal deformation of the pads. In the former calculation, the heat transfer of convection by the oil at the pad's surfaces should be estimated properly.
Ali El-Saie, et al. [1] and Almqvist, et al. [2] calculated 3-D temperature distribution in the pad. In their calculation, the heat transfer coefficients at the side and back surfaces of the pad are set to be the same value found in the experimental results. The temperature of the ambient oil is set to be uniform and fixed. Ettles, et al., by processing experimental data, derived an equation to estimate the coefficient of the heat transfer at the back surface of the pad, which is a function of flow speed and the viscosity of ambient oil. By this equation, they estimated the heat transfer coefficient for the back surface, and they used the same value for the side surfaces. They assumed the temperature of ambient oil uniform and fixed. 
Fig. 2 Thrust bearing pad
In reality, however, the temperature of ambient oil and the value of heat transfer coefficient at one surface can never be uniform, nor different surfaces have the same thermal properties. For example, cooling oil supplied from the duct is much cooler than the average temperature of the oil in the bath, and is not mixed so well that the temperature of ambient oil around the pad is not uniform (Fig. 2) . To calculate convection at the surfaces of a pad accurately, we used multi-physics CFD (Computational Fluid Dynamics) code, which simultaneously calculates the temperature distribution in the fluid (the oil) and the solid (the pad), as well as the flow of the fluid. 
COMPUTATIONAL PROCEDURE
The whole computational process contains four kinds of analysis (Fig. 3) . The first one is oil film analysis, which outputs the temperature and pressure distribution in the oil film between the pad and the runner. The second one is CFD, which outputs the temperature distribution in the pad and the ambient oil, as well as the flow of the oil. The temperature distribution in the pad and the pressure distribution of the oil film are input to the third analysis, the structural analysis of the pad, and the deformation of the pad is calculated. Forth is the heat transfer and structural analysis of the runner. The deformation of the pad's and the runner's surfaces are determined from these results and fed back to the oil film analysis. This computational process is repeated until the deformation of the pad is converged. 
RESULTS AND DISCUSSION
Operating conditions of the calculated thrust bearing are given in Table 1 . Fig. 4 shows the computed temperature distribution in the oil and in the pad. Low-temperature oil from the supply tube flowed in the sliding surface of the pad at the radial middle of the leading edge. Fig. 5(a) shows the temperature distribution in the pad at the trailing side. Because the heat flowed into the pad from the oil film on the sliding surface, the temperature of the back metal was higher than that of the base metal. Similarly, the temperature at the upper part of the base metal was higher than that of the bottom part. On the contrary, at the leading side, the temperature at the upper part of the base metal was lower than that of the bottom part (Fig. 5(b) ). This is because lowtemperature oil from the oil supply tube flows into the oil grooves and cools this part of the base metal. The calculated values agree fairly well with the measured values. Fig. 6 shows the distribution of the oil film thickness. For case of pad deformation, calculated result shows that oil film was thicker at the leading edge due to the circumferential convex deformation of the pad's sliding surface. The measured result shows that the oil film became thicker at the radial middle of the pad, which agree well with the computed result.
CONCLUSION
We showed a computational procedure that calculates the temperature distribution in a pad of complex configuration in non-uniform flow conditions. Calculated temperature distribution in the pad agreed well with the experimental data. The calculated distribution of oil film thickness, which takes into account the pad deformation, showed a good agreement with the experimental data, and the whole computational procedure is validated. 
